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Establishment of The F e a s i b i l i t y  of A Process 
Capable of Low C o s t ,  High Volume Product ion of Silan *, . ; iH4 
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SISTERSVILLE, WEST V I R G I N I A  

W, C .  BRENEMAN 
J Y, P.. M U 1  

ABSTRACT 

The s tudy  of a process  for t he  l o w  c o s t  p roduct ion  of  
s i l a n e  included l a b o r a t o r y  i n v e s t i g a t i o r i s  of t h e  k i n e t i c s  of the 
r e d i s t r i b u t i o n  of d i c h l o r o s i l a n e  and t r i c h l o r o s i l a n e  vapor ove r  
a t e r t i a r y  amine i o n  exchange r e s i n  c a t a l y s t  The hydrogenation 
of S i C l u  t o  form HSiC13  and t h e  dil:ect s y n t h e s i s  of H2SiC12 from 
HC1 gas  a n  m e t a l l u r g i c a l  s i l i c o n  metal were also s t u d i e d ,  The 
p u r i f i c a t i o n  of S i H I  us ing  a c t i v a t e d  carbon adsorbent  w a s  s t u d i e d  
a long  w i t h  a process  for  s t o r i n g  S i H p  absorbed on carbon. The 
lat ter makes p o s s i b l e  a h igher  volumetr ic  e f f i c i e n c y  than  t h e  
c u r r e n t  p r a c t i c e  of compressed gas  storage. 

The mini-plant  designed to produce t e n  pounds per day 
of S i H ,  is n e a r l y  complete,  a d e t a i l e d  d e s c r i p t i o n  of t h e  un i t  
and its e s s e n t i a l  d e s i g n  features is g iven-  



TABLE OF CONTENTS 

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . .  
INTRCIDUCTION . . . . . . . . . . . . . . . . . . . . . . . . .  1 

TECHNICAL DISCUSSION . . . . . . . . . . . . . . . . . . . . .  3 
I . LABORATORY INVESTIGATIONS 

A . Disproportionation of HzSiCla to SiHt, . . . . . . . .  3 

B . Disproportionation of HSiC13 to H2SiCl2 . . . . . . .  6 

C . Purification of S i H b  . . . . . . . . . . . . . . . .  10 
D . Hydrogenation of SiCL and the Direct Synthesis 

of H2SiC12 . . . . . . . . . . . . . . . . . . . . .  18 
E . Miscellaneous Data Collected . . . . . . . . . . . .  24 

I1 . PILOT PLANT STUDIES 

A . Mini-Plant Construction . . . . . . . . . . . . . .  26 
B . Storage of Silane . . . . . . . . . . . . . . . . .  33 
C . Design Calculations . . . . . . . . . . . . . . . .  36 
D . Gas Chromatograph Calibration . . . . . . . . . . .  40 
E . Economic Analysis of Silane Process . . . . . . . .  44 

CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . .  50 

PROJECTED FIFTH QUARTER ACTIVITIES . . . . . . . . . . . . . .  51 
PROGRAM STATUS UPDATE . . . . . . . . . . . . . . . . . . . .  51 

NEW TECHNOLOGY . . . . . . . . . . . . . . . . . . . . . . . .  51 
BIBLIOGRAPHY . . . . . . . . . . . . . . . . . . . . . . . . .  51 



INTRODUCTION 

T h i s  r e sea rch  program commenced October 6 ,  1975. Its 
purpose is to  determine t h e  f e a s i b i l i t y  for t h e  high volume, l o w  
cost product ion of s i l a n e  (SiH,,) as a n  in t e rmed ia t e  raw material 
for solar grade s i l i c o n  metal, The process  t o  be  i n v e s t i g a t e d  
is based on t h e  syrthesis d S i H ,  by t h e  c a t a l y t i c  r e d i s t r l b u t i o n  
of c h l o r o s i l a n e s .  The goal is t o  demonstrate  t h e  f e a s i b i l i t y  
for a l a r g e  scale product ion  cost of under $5.00 p e r  kilogram 
of S i H p .  

Prior to  this program Union Carbide has  shown 
exper imenta l ly  t h a t  pure  c h l o r o s i l a n e s  can b e  r e d i s t r i b u t e d  
i n t o  a n  equ i l ib r ium mix tu re  of o t h e r  hydroch lo ros i l anes  by 
contact wi th  a t e r t i a r y  amine ion exchange r e s i n .  P a t e n t  
r i g h t s  for t h i s  process  and improvements t h e r e  on have been 
f i l e d .  

I n  t h e  prev ious  Q u a r t e r l y  Report ,  t h e  equ i l ib r ium 
composition and k i n e t i c s  of t h e  vapor phase r e d i s t r i b u t i o n  of 
d i c h l o r o s i l a n e  ca t a lyzed  by a macro re t i cu la r  t e r t i a r y  amine 
f u n c t i o n a l  i o n  exchange r e s i n  were determined over  a temperature  
range  of 50 t o  8OOC. A t  8OoC, f o r  example,the e f f l u e n t  vapor 
contained 14 mole percent  S i H 4  a t  equ i l ib r ium w h i l e  t h e  t ine 
t o  r e a c h  50% of t h a t  va lue  was 0 , 2 5  seconds.  Also s t u d i e d  was 
t h e  hydroqenation of s i l i c o n  t e t r a c h l o r i d e  t o  t r i c h l o r o s i l a n e .  
The r e s u l t s  of t h a t  s tudy  i n d i c a t e d  s t eady  s ta te  l e v e l s  of 
15  t o  22% t r i c h l o r o s i l a n e .  Thus, w i t h  a means t o  ccnve r t  sj.licc?s 
t e t r a c h l o r i d e  t o  t r i c h l o r o s i l a n e  coupled to  5 r e d i s t r i b u t i o n  
sequence, a closed loop  manufacturing sequence is p o s s i b l e  t o  
produce Si$ from hydrogen and s i l i c o n  metal  tc w i t :  
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2 H2 + S i  + 3 Sic16 cu 550°C 4 HSiCls 

4 HSiCls R e d i s t r i b u t i c n  c> 2 H 2 S i C 1 2  t 2 S i C l ,  

R e d i s t r i b u t i o n  sicl, + SrHo 2 H 2 S i C 1 2  

The des ign  of a p i l o t  scale p l a n t  f o r  t h e  product ion  
s i l a n e  f r o m  d i c h l o r o s i l a n e  w a s  completed and i n s t a l l a t i o n  i n i t i a t e d  
This  u n i t  f e a t u r e s  i n t e r n a l  r e c y c l e  of by-product H 2 S i C l  and 
unreacted H 2 S i C 1 2 ,  a n  on - l ine  chromatograph sampling system and 
a p u r i f i c a t i o n  s e c t i o n  f o r  removing traces of  c h l o r o s i l a n e s  
from t h e  product  S i H , ,  w h i l e  no t  r e q u i r i n g  u l t ra - low temperature  
r e f r i g e r a t i o n .  
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DISCUSS I O N  

I. Labor ator y I n v e s t  i ga t i o n s  

A. D i sp ropor t iona t ion  of H z S i C l 2  to  S i H a  

I n  checking o u t  t h e  y i e l d  of S i H b  ob ta ined  by t h e  d i sp ro -  
p o r t i o n a t i o n  o f  H 2 S i C 1 2  ove r  t he  same 10 g A-21 r e s i n  c a t a l y s t  used 
i n  prev ious  experiments ,  a d rop  i n  t h e  S i H u  product ion r a t s  w a s  
noted. T h i s  prompted a s tudy  on t h e  c a t a l y t i c  a c t i v i t y  of t h e  
A-21 r e s i n  ove r  long  pe r iods  of d i s p r o p o r t i o n a t i o n  r e a c t i o n s .  The 
d i sp ropor t ion?  i o n  of H z S i C l a  w a s  r epea ted  under t h e  same exper imenta l  
c o n d i t i o n s  w i t h  t h e  same 10 g A-21 r e s i n  bed as r epor t ed  i n  prev ious  
experiments.  R e s u l t s  were summarized i n  Table I. Experiments 1, 2, 
4,  5 ,  7 and 8 i n  Table  I summarized t h e  S i H u  product ion rates and 
product  composi t ions b e f o r e  aad a f te r  about  t h r e e  months of o p e r a t i o n s .  
A t  iow H2SiC12 f e e d r a t e ,  250 cc/minute,  run  number 1 and 2 showed 
l i t t l e  o r  no d i f f e r e n c e s  i n  S i H s  p roduct ion  ra te  and S i H u  y i e l d  i n  
t h e  product  mixture .  However, a t  higher H2SiC12 feedrate, 500 cc/ 
minhe and 1000 cc/minute, a s i g n i f i c a n t  d rop  i n  SiHu product ion 
-a te  and S i H u  y i e l d  was noted i n  run  number 4 ,  5, and 7 ,  8 .  I t  was 
g e n e r a l l y  be l i eved  t h a t  t h e  amine hydrochlor ide  w a s  t h e  t r u e  
ca t a : ly s t  f o r  t h e  d i s p r o p o r t i o n a t i o n  of hydrochloros i lanes .  I n  t h e  
case of A-21 r e s i n ,  t h e  dimethylamine hydrochlor ide  w a s  bonded to  
a po lys ty rene  r e s i n  suppor t  through a phenyle thyl  l inkage .  Amine 
hydrochlor ides  were known t o  d i s s o c i a t e  a t  e l e v a t e d  tempera ture  
t o  f r eeamine  and HC1, v i z . ,  equa t ion  (1) 

1 

Me 
N + HC1 

M e  
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HC1 might be g radua l ly  e luded from t h e  A-21 r e s i n  bed. S ince  t h e  
f r e e  amine w a s  known t o  be a poor c a t a l y s t  f o r  t h e  d i s p r c p o r t i o n a t i o n  
r e a c t i o n ,  t h e  lowering of  t h e  A-21 r e s i n  C a t a l y t i c  a c t i v i t y  could 
be  a t t r i b u t e d  t o  t h e  l o s s  of HC1. To test t h i s  hypothes is ,  t h e  
10 g A-21  r e s i n  w a s  treated wi th  a 5 O : S O  mixture o f  HC1 and n i t rogen  
a t  a c o n s t a n t  flowrate of  500 cc/minute for a t o t a l  o f  10 minutes.  
Then, t h e  same d i s p r o p o r t i o n a t i o n  r e a c t i o n  of H 2 E i C 1 2  w a s  r epea ted  
under t h e  same experimental  c o n d i t i o n s  w i t h  t h e  HC1-treated A-21 
r e s i n .  R e s u l t s  of t h e s e  experiments  were given i n  run number 3, 6 

and 9 i n  Table I. Data i n  Table I showed t h a t  t h e  c a t a l y t i c  
a c t i v i t y  of t h e  HC1-treated A - 2 1  r e s i n  had indeed inc reased  
s u b s t a n t i a l l y .  Both t h e  S i H s  p roduct ion  ra te  and S i H r  y i e l d  i n  
t h e  product  mixture  were inc reased ,  compare run number 5,  6, and 
8,  9 i n  Table  I. However, i n  comparison w i t h  t h e  rate d a t a  ob ta ined  
t h r e e  months ago, the H C 1 - t r e a t e d  A-21 r e s i n  s t i l l  showed a lower 
c a t a l y t i c  a c t i v i t y ;  e s p e c i a l l y  a t  high H 2 S i C 1 2  feed .  For example, 
a t  1000 cc/minute of  H2SiC12 feed ,  t h e  HC1-treated A-21 r c s i n  
showed a d e f i n i t e  drop o f  c a t a l y t i c  a c t i v i t y  from what it w a s  
three months ago, v i z . ,  run  number 7 and 9 i n  Table I. One p l a u s i b l e  
exp lana t ion  w a s  t h a t ,  i n  addi t ior .  t o  chemical ly  bonded an ine ,  t h e  
A-21 r e s i n  also conta ined  some free amine which w a s  p h y s i c a l l y  
adsorbed o n t o  t h e  po lys ty rene  r e s i n  suppor t .  T h i s  v o l a t i l e  amine 
and i ts  amine hydrochlor ide m a ?  be SbJk eluded fron t he  A-21 

r e s i n  bed after prolong o p e r a t i o n s ,  As a r e s u l t ,  t h e  reduced 
c a t a l y t i c  a c t i v i t y  of t h e  A - 2 1  r e s r n  could  be expla ined .  The 

lowering of t h e  A - 2 1  r e s i n  c a t a l y t i c  a c t i v i t y  due t o  t h e  loss of 
HCl  a s  i l . l u s t r a t e d  i n  equat ion  (1: coc ld  be r ead i ly  r e s t o r e d  by 
simply adding He1 gas  to  t h e  r e s i n  bed. 3owever, +.he lowering 
o f  t h e  A-21 r e s i n  c a t a l y t i c  a c t i v i t y  due t o  t h e  loss of free amine 
hydrochlor ide  cGuld n o t  be as convenient ly  r e s t c r e d .  Never the less ,  
even w i t h  t h i s  somewhat reduced A - 2 1  r e s i n  c a t a l y t i c  a c t i v i t y ,  t h e  
ra te  o f  t h e  d i s p r a p o r t i o n a t i o n  of H z S i C l z  t o  SiH,  was s t i l l  very 
high.  A d e t a i l e d  s tudy  on t h e  mechanism of t h e  d i s p r o p o r t i o n a t i o n  
r e a c t i o n  is planned 
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B. Dispropora t ion  of H S i C L  t o  P 2 S i C 1 2  

The i n i t i a l  phase of t h e  "mini1' p l a n t  a t  S i s t e r s v i l l e ,  
West V i r g i n i a  t o  manufacture S iH4  w i l l  be us ing  d i c h l o r o s i l a n e  
as raw material. The f i n a l  phase of t h e  "maxi" p l a n t  w i l l  use  
t r i c h l o r o s i l a n e  as t h e  source  of  S i H  . Although t h e  l i q u i d  phase 
d i s p r o p o r t i o n a t i o n  of HSiC13 t o  make H n S i C l Z  was well-known, t h e  
vapor phase d i s p r o p o r t i o n a t i o n  o f  H S i C l s  might have some merits. 
Furthermore, comparison of  t h e  ra te  of d i s p r o p o r t i o n a t i o n  of  
H a S i C 1 2  w i t h  t h a t  of H S i C l s  could provide  u s e f u l  information 
on t h e  mechanism o f  t h e  d i s p r o p o r t i o n a t i o n  r e a c t i o n s .  

The d i s p r o p o r t i o n a t i o n  of HSiCls w a s  c a r r i e d  o u t  a t  6 0 °  

i n  t h e  same appa ra tus  as desc r ibed  i n  prev ious  experiments .  The 
d i s p r o p o r t i o n a t i o n  of H 2 S i C 1 2  was f i r s t  carried o u t  to  provide  
a r e f e r e n c e  s t anda rd  on t h e  r e a c t i v i t y  of t h e  10 g A-21  r e s i n  
c a t a l y s t .  Then, t r i c h l o r o s i l a n e  vapor was fed  i n t o  t h e  same 
r e s i n  bed and t h e  rate of r e a c t i o n  was measured. 

A method of  f eed ing  an a c c u r a t e ,  cons t an t  flow of l i q u i d  
i n t o  a r e a c t o r  w a s  d e s c r i b e d  i n  F igure  1. T r i c h l o r o s i l a n e  
(bp 31.9O) was placed i n  a dropping funnel  equipped wi th  a b u r e t t e  
s i d e  arm, a f i l t e r  disc and a Teflon s topcock.  The flow of 
HSiCls l i q u i d  was c o n t r o l l e d  by a c a p i l l i a r y  tub ing ,  which w a s  
described mathematical ly  by the  Law of P o i s e u i l l e ,  

7i p yy 
t 8 1 n  v =  

where V = voiunie of  l i q u i d  escaped i n  t i m e  t 
p = presbure  d i f f e r e n c e  between two ends of t h e  tube 
y = r a d i u s  
1 = l eng th  
n = v i s c o s i t y  of t h e  l i q u i d  
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Since  V, 1, n remained c o n s t a n t ,  t h e  flowrate, V/t, of HSiC13  

was d i r e c t l y  p r o p o r t i c n a l  t o  p r e s s u r e  p .  Thus, a c o n s t a n t  
flowrate of  H S i C 1 ,  could  be r e a d i l y  achieve3  by main ta in ing  
a cons ,  -0 s su re  head ove r  t h e  l i q u i d ,  A convenient  
methc t o  c r c  -.e a c o n s t a n t  p r e s s u r e  of n i t r o g e n  gas  was 
ob ta ined  by bubbl ing d r y  n i t r o g e n  i n t o  a column of mercury 
as shown 2 . n  F i g u r e  1. The f l o w r a t e  of HSiC13  could be 
changed and a d j u s t e d  by va ry ing  t h e  n i t r o g e n  p r e s s u r e  from 
0 t o  1 0  p s i g  by aoving  t h e  mercury r e s e r v o i r  upward or  down- 
ward. The flowrate of  H S i C l s  w a s  measured and checked by 
c l o s i n g  t h e  Te f lon  s topcock.  The t i m e  r e q u i r e d  f o r  t h e  l i q u i d  
level i n  t h e  b u r e t t e  side arm t o  t r ave l  one u n i t  volume between 
t w o  markings w a s  recorded and t h e  H S i C l ,  flowrate was c a l c u l a t e d  
i n  cc/minute. By t h i s  method, f h e  H S i C l 3  f l o w r a t e  could be 

kept  c o n s t a n t  f o r  long  p e r i o d s  of  time wi th  h igh  accuracy ,  f o r  
exapple  1.00 i0 .02  cc/minute. 
p r e s s u r e  and c a p i l l i a r y  t u b i n g  s i z e ,  f l o w r a t e s  o f  H S i C 1 3  

from 0.25 t o  5.0 cc/minute could be r e a d i l y  provided ,  The 

l i q u i d  H S i C 1 3  coming o u t  of t h e  c a p i l l i a r y  t u b i n g  w a s  vapor ized  
i r  a p r e h e a t e r  and t h e n  fed i n t o  t h e  A - 2 1  r e s i n  bed reactor. 

By a combination of n i t r o g e n  

A series of exper iments  on t h e  d i s p r o p o r t i o n a t i o n  
of HSiC13 w a s  carried o u t  a t  60' and a t  a tmospher ic  p r e s s u r e .  
R e s u l t s  were summarized i n  Table 11. Data i n  Table I1 showed 
t h a t  t h e  rate of d i s p r o p o r t i o n a t i o n  of H S i C 1 3  was much slower 
than  t h a t  o f  E 2 S i C 1 2  under t h e  same exper imenta l  c o n d i t i o n s .  
For example, o v e r  50% of H r S i C l z  were r e a c t e d  i n  1 . 8  seconds 
r e s i d e n c e  t i m e  i n  t h e  A - 2 1  r e s i n  bed i n  comparison w i t h  on ly  
5 %  HSiCl3 d i s p r o p o r t i o n a t i o n  i n  t h e  same r e s i d e n c e  t i m e ,  I n  
3.6 seconds, t h e  H 2 S i ( - i 2  d i s p r o p v r t i o n a t i o n  reached e q u i l i b r i u m  
t o  y i e l d  1 4 %  SiHs which was t h e  e q u i l i b r i u m  c o n c e n t r a t i o n  of 
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SiHb observed previous ly .  I n  t h e  caae of K S i C 1 3  d i s p r o p o r t i o n a t i o n ,  
t h e  y i e l d  of H2SiC12 w a s  about 3% which was far f r o m  t h e  equiiibrium 
concen t r a t iop  of about  10% H2SrC12. Ex t rapo la t ion  of t h e  rate 
data on the d i s p r o p o r t i o n a t i o n  of H S i C 1 3  in Table 11 gave approxi- 
mately 15  to  20 seconds r e s i d e n c e  t i m e  which might  be r equ i r ed  t o  
r each  e q u i l i b r i u n  concen t r a t ion  of 10% HtS iCl i -  Thus, t h e  rste 
of d i s p r o p o r t i o n a t i o n  of H S i C l s  i n  t h e  vapor phase w a s  faster than  
that of the same d i s $ r o p o r t i o n a t i o n  r e a c t i o n  of HSiC1.r i n  t h e  
l i q u i d  phase which r equ i r ed  ahout 1 t o  2 mrnutes t o  reach equ i l ib r ium.  
However, the throughput i n  a l i q u i d  phase d i sF ropor t iona t  ion  
would be mGch higher than  t h a t  of a vapor phase disprDportioI7ation 
through a given  A-21 r e s i n  bed, s i n c e  t h e  l i q u i d  d e n s i t y  w a s  
about  200 times the vapor d e n s i t y .  I n  conclus ion ,  t h e r e  appeared 
to be no advantages to perform t h e  d i s p r c p o r t i o n a t i c n  of trichloro- 
s i l a n e  i n  t h e  vapor phase. The rate data on t h e  d i s p r o p o r t i o n a t i o n  
gave t h e  foi lowing order of r e a c t i v i t y ,  

C.  P u r i f i c a t i o n  of S i H b  

Tho on ly  major impur i ty  i n  S i H ,  prepared by the drspro-  
p o r t i o n a t i o n  reaction woulC; be c h l a r o s i l a n e s  such a s  H s S i C 1 .  

Although most c h l o r o s i l a n e ;  i n  t h e  product mixture would be removed 
by phys ica l  m=ans such as d i s t i l l a t i o n  aqd condensat ion by co ld  
t r a p  or low temperature  scrubbing ,  t he  trace amount of remaining 
chloroF i l anes  could be c I cvcn ien t ly  removed by adsorFt  ion with 
a c t i v a t e d  caroon as proposed by W. C. Breneman. S i s t e r s v i l l e  
has selected the commercial P i t t s b u r g h  Act iva ted  Carbon Type OL 

for the  mini-plant  co ;,lake solar grade S i H , .  The fo l lowing  
experiments were cir i ied o u t  t o  t e s t  this material for the 

pur i f  icatiorl of S i H u .  
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The apparatus for t h e  p u r i f i c a t i o n  of  SiH:, was 
schemat ica l ly  shown i n  F igu re  2 a t t a c h e d .  As shown i n  F igu re  2 

t h e  c rude  SiH, coming from t h e  d i s p r o p o r t i o n a t i o n  of HISiClp 
through a d ry - i ce  co ld  t r a p  a t  -78O could b e  d i r e c t e d  by t h e  
3-way stopqock e i t h e r  t o  t h e  i n - l i n e  gas chromatograph or t o  
t h e  a c t i v a t e d  carbon column (1.5 c m  x 1 5  c m  weighed 1 0  grams) 
The p u r i f i e d  S i H u  coming o u t  of  t h e  a c t i v a t e d  column could be 
r e a d i l y  analyzed by t h e  i n - l i n e  gas chromatograph. The crude 
SiH4 w a s  produced a t  a c o n s t a n t  rate of 6 4  cc/minute by minute 
by feeding  500 cc/minute of HZSiC12 m t o  10 g of 24-21 r e s i n  a t  81'. 

The SiH, c rude  coming out of a dry- ice  cold t r a p  a t  
- 7 8 O  w a s  analyzed s e v e r a l  t i m e s  du r ing  t h e  cour se  of t h e  experiment 
t o  g ive  an average composition of :  

- S i H ,  H1. S i c 1  HzSiClz HSlC13 

Mdle, % 9 7 . 9  1.88 0-22 0.03 
Weibht, % 9 5 . 4  3.80 0 .67  0.12 

The crude S i H b  conta ined  4 . 5 9 %  by weight  of c h l o r o s i l a n e s  which 
is probably t c o  much from a process  p o i n t  of view. 
t h e  crude SiHU w a s  we l l - su i t ed  f o r  experimental  purposes ,  The 

c rude  SiH, w a s  fed  A n t o  t h e  a c t i t a t e d  carban column. The 
composition of t h e  c rude  S i H ,  and t h e  p u r i f i e d  SiHb were analyzed 
by t h e  i n - l i n e  gas chromatograph du r ing  t h e  c o u r s e  of  t h e  experiment.  
R e s u l t s  were summarized I n  Table  111% Data i n  Table 1x1 showed 
t h a t  t h e  a c t i v a t e d  carbon e f L e c t i v e l y   moved t h e  c h l o r o s i l a n e s  
i n  t h e  c rude  S i H ,  t o  a l e v e l  beyond t h e  i i m i t  af  d e t e c t i o n  of 
t h e  gas chromatograph i n s t r u m e n t  The l i m i t  of d e t e c t i o n  was 
about  5 psm. A p l o t  of r e s i d u a l  c h l o r o s i l a n e s  i n  t h e  p u r i f i e d  
Si' ' , ,  ver sus  weight percent  of c h l o r o s r l a n e s  adsorbed on t h e  

Hcwever, 
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a c t i v a t e d  carbon w a s  shown i n  F igu re  3. Tfe data p o i n t s  for ND 

w e v  a r b i t r a r i l y  p l o t t e d  a t  2.5 ppm i n  o r d e r  t o  shoh c o n t i n u i t y  
of t h e  graph. A s  sh2wn i n  F igure  3, a s h a q  rise of r e s i d u a l  
c h l o r o s i l a n e  occurred  a t  about  11% by weight  of  c h l o r o s i l a n e  
adsorbed on t h e  a c t i v a t e d  carbon. I n  other words, io0 g of 
a c t i v a t e d  carbon t y p e  OL could e f f e c t i e e , y  renove about  11 g 
of c h l o r o s i l a n e s  from t h e  impure S i H 4  w:\J ' .e  main ta in ing  t h e  
r e s i d u a l  c h l o r o s i l a n e s  i n  t h e  p u r i f i e d  SiHc a t  a l o w  l e v e l  o f ,  
say ,  less t h a n  10 ppm. It  w a s  noted t h a t  wher. S i H 4  w a s  passed 
in to  t h e  a c t i v a t e d  carbon bed, t h e  ccrbon tolrvnn immediately 
became ho t .  A close examination o f  t h i s  p ienomenon showed 
that t h e  source of h e a t  appeared to  be gsr s r a t ed  from t h e  r e a c t i o n  
of SiH4 w i t h  i m p u r i t i e s  adsorbed on t h e  a c t i v a t e d  carbon, e , g o ,  
water and oxygen. When a f r e s h  sample of 10 cj a c t i v a t e d  carbon 
Type OL was  d r i e d  a t  200° i n  a stream c,f 7 5  cc/minute of  d r y  
n i t r o g e n  f o r  1 hour ,  water was l i b e r a t e d  from t h e  carbon (aboxt 
0.3 g 8 2 0 ) .  The h e a t - t r e a t e d  a c t i v a t e d  carbon d i d  no t  gene ra t e  
s i g n i f i c a n t  m o u n t  of h e a t  i n  c o n t r a s t  -so t h e  u n t r e a t e d  m a t e r i a l  
when SiH4 crude  w a s  f e d  i n to  p u r i f i c a t i o n  column. The experiment 
w a s  c sn t inued  and t h e  p u r i t y  of SiH4 coiling o u t  of t h e  p u r i f i e r  
was analyzed. R e s u l t s  w e r e  summarized ..n Table IV. Data i n  
Table IV showed t h a t  t h e  h e a t - t r e a t e d  ac t i - Ja t ed  car'-, n e f f e c t i v e l y  
rer.ove! c h l o r o s i l a n e  i m p u r i t i e s  as p r e v i o u r l y  reported These 

data r e a d i l y  d e f i n e d  t h e  e f f e c t i v e n e s s  as well as l i m i t a t i o n  of 
t h i s  a c t i v a t e d  carbon f o r  t h e  p u r i f i c a t i o n  Qf SiHc. 

Attempts were made t o  r e g e n e r a t e  t h e  s p e n t  cdrbon column 
by hea t ing .  An electric h e a t e r  w a s  placed around ti.e carbon column. 
It w a s  hea ted  t o  a s e l s c t e d  tempera ture  wh i l e  d r v  -1itrogen gas  
passed through -.t about  7 5  cc/minute.  Three tempera tures ,  150°, 
250°, and 350° were s e l e c t e d  f o r  t h e  e x p e r i  m t ,  The t r e a t e d  
carbon column w a s  cooled to room temperature  and t e s t e d  w i t h  t h e  

i4 
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same S i H ,  crude.  R e s u l t s  were summarized i n  Table  V.  Data i n  
Table V showed t h a t  t h e  spen t  a c t i v a t e d  carbon could n o t  be 
regenera ted  t o  i ts o r i g i n a l  a c t i v i t y .  As shown i n  T a b l e  V, heat 
t r ea tmen t  a t  150° and 250° was n o t  e f f e c t i v e  a t  a l l .  A t  350° f o r  
1 hour, t h e  heat-treated carbon column showed less than  h a l f  o f  
i ts o r i g i n a l  a d s o r b i l i t y .  I t  appeared t h a t  some of t h e  ch loro-  
s i l a n e s  were i r r e v e r s i b l y  adsorbed on  t h e  carbon s u r f a c e .  I n  
conclus ion ,  a c t i v a t e d  carbon was an e f f e c t i v e  adsorbent  t o  remove 
c h l o r o s i l a n e  i m p u r i t i e s  from S i H , .  The s lc t ivated carbon should 
be t e s t e d  f o r  adsorbed i m p s r i t i e s  p r i o r  t o  use .  A s  i n  t h e  p r e s e n t  
s tudy ,  s u b s t a n t i a l  amount of water and heat were genera ted  when 
S i H s  crude was passed i n t o  an u n t r e a t e d  a c t i v a t e d  carbon column. 
This  could be a s e r i o u s  problem i n  l a r g e  scale o p e r a t i o n s .  

D. Hydrogenation of SiCl:, and The Direct Syn thes i s  of  H 2 S i C I 2  

The hydrogenation of S i C 1 4  t o  H S i C 1 3  w a s  b r i e f l y  s t u d i e d  
and r epor t ed  previous ly . ’  
t h e  Cu/Si mass bed i n  t h i s  r e a c t i o n ,  

Temperature p r o f i l e  measurement a long  

3 S i C 1 4  + S i  + 2 H 2  4 H S i C l 3  

showed a mild exotherm a t  t h e  t o p  of t h e  f l u i d i z e d  bed reactor 
(AT % l o o ) .  

I n  o r d e r  to  understand t h e  r e a c t i o n  mechanism, it w a s  
necelcsary t o  s tudy  t h e  q u a l  y of  f l u i d i z a t i o n  and t h e  h e a t  
t ransfer  c h a r a c t e r i s t i c  of Lhe c ?-inch l abora to ry  f l u i d i z e d  bed 
reactor used i n  t h e s e  experiments .  The well-known H C 1  + S i  
r e a c t i o n  was chosen as a model r e a c t i o n .  I t  is a fac i le  r e a c t i o n  
and i s  s t r o n g l y  exothermic,  which was we l l - su i t ed  f o r  t h i s  purpose.  
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The HC1 + S i  r e a c t i o n  w a s  c a r r i e d  o u t  a t  320° wi th  900 

cc/minute o f  HC1 feed.  Temperature i n  t he  8i mass bed was 
measured by thermocouples loca t ed  a t  va r ious  h e i g h t s  of t h e  bed, 
The first experiment w a s  c a r r i e d  o u t  w i t h  equal  s e t r i n g s  orA 
t h e  electric h e a t e r s  i n  the h e a t i n g  j a c k e t  t o  provide  uniform 
h e a t i n g  and coo l ing  a long  t h e  f l u i d i z e d  bed reactor. After 30 
minutes  of r e a c t i o n ,  tempera tures  a long  t h e  Si mass bed were 
measmsd and p l o t t e d  a g a i n s t  t h e  bed he igh t  as shown i n  F igu re  4 ,  

The graph i n  F igure  4 showed t h a t  du r ing  t h e  €IC1 + Si r e a c t i o n ,  
t h e  bottom o f  t h e  S i  bed w a s  much h o t t e i  t han  t h a t  a t  t h e  t o p  
wi th  a tempera ture  spread of  abou t  100'. This  temperature  p r o f i l e  
could  be r e a d i l y  expla ined  by t h e  f a c i l e ,  s t r o n g l y  exothermic 
HC1 + S i  r e a c t i o n  which occurred  mostly a t  the bottom of the  
f l u i d i z e d  bed. 

I n  o r d e r  t o  compensate f o r  t h e  large temperature  d e v i a t i o n s  
i n  t h e  HC1 + S i  r e a c t i o n ,  t h e  electric h e a t e r s  i n  t h e  hea t ing  
j a c k e t  w e r e  reset t o  give a l o t  more hea t ing  a t  t h e  t o p  and very  
l i t t l e  a t  t h e  b o t t o m  of t h e  reactor. The tempera ture  p r o f i l e  of 
t h e  h e a t i n g  j a c k e t  w a s  shown by t h e  d o t t e d  l i n e  ---El--- i n  
F igure  5. A t  t h e s e  s e t t i n g s ,  t h e  t o p  of the  mass bed was a t  about 
400' whi le  it was less than  100' a t  t h e  bottom- Then, t h e  S i  

metal was f i u i d i z e d  wi th  900 cc/minute of n i t rogen  gas ,  which 
corresponded t o  zero  heat of r e a c t i o n .  The tempera ture  p rof i le  
of  t h e  S i  mass bed w h i l e  f l u i d i z e d  w i t h  n i t rogen  was shown by 
t h e  d o t t e d  --e--- l i n e  i n  F igu re  5 .  I n t e r e s t i n g l y ,  fairly 
uniform tempera tures  a long  t h e  S i  mass bed r e s u l t e d  d e s p i t e  a 

300' temperature  spread  along t h e  hea t ing  jacket.  Thus, t h e  mixing 
o f  S i  mass i n  t h e  reactor was s u p r i s i n g l y  gooi; i n  such  a smal l  
diameter f l u i d i z e d  bed. Next, t h e  n i t rogen  gas  w a s  r ep laced  w i t h  

900 cc/minute of HC1,  The tempera ture  p r o f i l e  a long  t h e  mass bed 
during t h e  H C l  + S i  reaction w a s  shown by t h e  s o l i d  l i n e  
i n  F igu re  5. As shown i n  F igure  5 ,  uniform temperature  a long  t h e  
S i  mass bed as achieved.  
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The hydrogenation of SiCL t o  HSiCIJ over a Cu/Si mass 
might be looked a t  as two r e a c t i o n  s t e p s ,  

(a) a slow hydrogenat ion s t e p ,  

3 SiC1, + 3 HZ - cu > 3 H S i C L  + 3 HC1 

fol lowed by a f a c i l e  r e a c t i o n  

(b) 3 H C l  + S i  cu - > H S i C l s  t H Z  

( 3 )  

( 4 )  

A s imple  thermodynamic c a l c u l a t i o n  by Dr . $J. M, Ber ty  of  Union 
Carb ide  gave A H 2 O  = +3.19 k c a l / g  mole H S i C i s  f o r  r e a c t i o n  ( 3 )  
and A H 2 0  = -51.2 k c a l / g  mole HSiC13 for r e a c t i o n  ( 4 ) .  The 
overall  r e a c t i o n  (3)  + ( 4 )  showed a s l i g h t l y  exothermic r e a c t i o n  
w i t h  A H = -10 .4  k c a l / g  mole HSiCl,. Thus, t h e  tempera ture  
p r o f i l e  o f  t h e  Cu/Si mass bed i n  t h e  hydrogenation of SiC1, t o  
HSiC13 might be expla ined  by a slow, s l i g h t l y  endothermic 
hydrogenation r e a c t i o n  (3;  a t  t h e  lower p a r t  of t h e  reactor 
fol lowed by a f a c i l e ,  s t r o n g l y  exothermic r e a c t i o n  ( 4 )  near  t h e  
top o f  t h e  mass bed,  

S i n c e  copper was used as c a t a l y s t  in t h e s e  r e a c t i o n s ,  
it would be i n t e r e s t i n g  t o  compare the HC1 c SI r e a c t i o n  i n  
t h e  p re sence  of copper  wi th  t h e  same r e a c t i o n  i n  the absence of 
copper.  The S i  f HC1 r e a c t i o n  was r epea ted  a t  280'. A t  c h i s  
tempzra ture ,  o n l y  23% of  t h e  900 cc/minute of EC1 W k i Z  r e a c t e d  
wi th  no copper p r e s e n t .  On the o t h e r  hand, t h e  same r e a c t i o n  
wi th  a Cu/Si mass c o n t a i n i n g  1% copper ca t a lys t  a t  280" gave 
100% reaction. Thus, coFper c a t a l y z e 3  t h e  HC1 + Si r e a c t i o n  
as g e n e r a l l y  be l i eved .  An i n t e r e s t i n g  o b s e r v a t i o n  was made on 
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t h e  d i r e c t  s y n t h e s i s  of H2SiC1, f r o m  t h e  above experiments .  When 
a f r e s h  Cu/Si mass was r e a c t e d  w i t h  HC1 gas a t  320*, t h e  t r i c h l o r o -  
s i lane c rude  was analyzed for d i c h l o r o s i l a n e .  R e s u l t s  of t h e s e  
a n a l y s e s  were summarized i n  Table  V I .  

What S i n t e r e s t i n g  about  t h e  da ta  i n  Table V I  is t h e  
high y i e l d  of H 2 S i C 1 2  d u r i n g  t h e  f i r s t  f e w  pe rcen t  of  t h e  HC1 + Si 
r e a c t i o n .  The y i e l d  of d i c h l o r o s i l a n e  was about 11% a t  t h e  
f i r ; t  i n s t a n t  of t h e  r e a c t i o n &  The H 2 i ; i C l z  y i e l d  dropped o f f  
- ap id ly .  I n  less than  30 miautes  of r e a c t i o n ,  t h e  H2SiC12 y i e l d  
IS back t o  ,-.he l e v e l  1 .5% t o  2 %  as prev ious ly  r e p o r t e d .  

E. Miscel laneous Data Co l l ec t ed  
1. 

A sample of H3SiC1 was prepared  b y  c ryogenic  d i s t i l l a t i o P  

- S t a b i l i t y  of HsSiCl on  S toraga  

and stored i n  a s t a i n l e s s  steel c y l i n d e r  fcr c a l i b r a t i o n  purposes .  
A f t e r  t w o  months of s t o r a g e  a t  mom t e x p e r a t u r e ,  t h i s  sample of 
monochlorusilane was agairl ana lyzed  A s  t h e  fo l lowing  d a t a  
showed, about 10% of t h e  H,SiCl were d i s p r o p o r t i c n a t i o n  t o  S i H t , ,  

HaSiC12 artd HSiCll a f te r  two months. 

5 i H r  H ~ S I C ~  HzSiCI.2 HSiC!. 3 - Component 

F resh ly  Prepared 0 ,46  97.13 2 . 2 1  0 
A f t e r  ?bo Months 5.36 78.92 6 .50  0.05 

2.  C a l i b r a t i o n  of I n - l i n e  G a s  Chromatograph 

An e l e c t r o n i c  i n t e g r a t o r ,  Model 3380A manufactured by 
H e w l e t t  Packard,  Palo A l t c ,  C a l i f c r n i a ,  was purchased and i n s t a l l e d .  
Previous a n a l y s i s  of gas  chzomatographic ddta was performed by 
p lan imet ry  which was a time-consuminq p rocess .  The e l e c t r o n i c  
i n t e g r a t o r  much simplif l ed  the Procedure f o r  d a t a  c o l l e c t i n g  
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and saved a g r e a t  d e a l  of manual labor.  The ins t rument  was 
c a l i b r a t e d  w i t h  a s t anda rd  mixture  o f  S i H u ,  H3SiC1, H2SiCl2 ,  HSiC13 
and SiCl,, i n  approximately t h e  same molar r a t io  as  ob ta ined  i n  
t h e  d i s p r o p o r t i o n a t i o n  experiments .  A known s t anda rd  of 13.95% 
mole S i H , , ,  13.28% mole HsSiC1, 40.95% mole H2SiCla,  29.24% mole 
HSiC13 and 2.58% mole Sic14 was analyzed by t h e  i n - l i n e  gas  
chromatograph and t h e  peak area c a l c u l a t i o n  by t h e  electronic 
i n t e g r a t o r  gave 7.80% SiHb,  9.67% H3SiC1, 43 64% HzSiC12, 35.59% 
HSiCls and 3.30% SiClt,. The Response F a c t o r  :GI S e n s i t i v i t y  
Fac to r ,  mole/unit  area) wore calculated to g ive :  SiH, = 1.79, 
HsSiCl = 1.37, H2SiC12 = 0.938, HSiC13 = 0.822 and SiC1, = 0.782. 
The p rev ious ly  determined Response F a c t o r s  by p l an ime t ry  were: 
SiHu = 1.89, H3SiCl = 1.33, H2SiC12 = 0.938, HSiCls = 0,840 
and SiCl, ,  = 0.584. Thus, rhe t w o  methods of Response Fac tor  
de t e rmina t ion  w e r e  i n  good agreement w i t h  t h e  excep t ion  of SiC1,-  
Because of t h e  s m a l l  amount of S i c l a  i n  t h e  standard sample, 
t h e  peak area measurement f o r  SiC14 by p lan imet ry  w a s  done a t  
a h ighe r  (16X) s e n s i t i v i t y  scale t h a n  a l l  t h e  o t h e r  c h l o r o s i l a n e s  
and SiH,,. The non- l inea r i ty  of t h e  a t t e n u a t i o n  of scale s e n s i t i v i t y  
accounted fo r  t h e  large d i f f e r e n c e  i n  t h e  Response Fac to r  f o r  
S iC lu .  

11. P i l o t  P i a n t  S t u d i e s  

A. Mini-plant Cons t ruc t ion  

The p rocess  p ip ing  f o r  t h e  d i c h l o r o s i i a n e  t o  s i l a n e  
mini-plant  i s  95% complete .  A t  t h i s  w r i t i n g  t h e  on ly  l i n e s  
remaining are t h e  d i c h l o r o s i l a n e  f eed ,  t h e  product  s i lane  gas  
l i n e s  to t h e  e x t e r i o r  of t h e  b u i l d i n g ,  and t h e  s a f e t y  valve 
vent  l i nes .  The c i r c u l a t i n g  r e f r i g e r a t i o n  s y s t e m  is complete 
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and has  been l e a k  tested. The ins t rument  pane l  was ccmpieted 
and moved i n t o  p lace .  The process  ccnnec t ions  have been made. 
A l l  of t h e  ins t ruments  have been cal ibrated and a l i g n e d  . including 
t h e  p rocess  flowmeters, tempera ture  and p r e s s u r e  s e n s o r s ,  and 
t h e  p r e c i s i o n  micrometer n e d l e  v a l v e s  used on  t h e  chromatograph 
sampling system. 

A p r e - s t a r t  up s a f e t y  review team has  beer. formed 
w i t h  r e p r e s e n t a t i o n  from t h e  S i s t e r s v i l l e  P l a n t  Engineer ing,  
Product ion,  S a f e t y  and Research Department. The t a s k  of t h i s  

Team, as is  r e q u i r e d  i n  any Union Carbide f a c i l i t y ,  is to review 
t h e  i n s t a l l a t i o n  and p r o c e s s  to assure t h a t  a p p r o p r i a t e  s a f e t y  
s t a n d a r d s  are be ing  m e t  and t h a t  e s p e c i a l l y  i n  cases of unique 
p rocess ing  t h a t  t h e  f a c i l i t y  w i l l  o p e r a t e  i n  a safe manner. 
The i n i t i a l  b r i e f i n g  for t h e  Team w a s  he ld  ar,d inc iuded  a 
d e t a i l e d  d e s c r i p t i o n  of t h e  p rocess ,  a f law char t  x e v i e w  aiid 

s i te  i n s p e c t i o n .  

Photographs showing the p rogres s  of c o n s t r u c t i o n  are 
p r e s e n t a t i o n  i n  F igu re  6 thrGugh 9 .  The  ins t rument  p a n e l  shGwn 
i n  F igu re  6 has  been ia id  o u t  t o  allow for t h e  a d d i t i o n a l  
i n s t rumen t s  r equ i r ed  for t h e  l a te r  i n c i u s i c n  of t h e  maxi-plant 
The "erector set" s t y l e  steel framework is expandable also. The 
sampling system panel  shown i n  F igu re  7 w i l - 1  connect t h e  i n d i v i d u a l  
sampling p o i n t s  on t h e  process u n i t s  to t h e  chromatograph which 

is w i t h i n  four feet of t h e  a r e a  of t h e  photograph. The selector 
valves w i l l  choose which  stream to feed t o  t h e  chromatosraph, 
the o t h e r s  wcu ld  t hen  bypass to  a v e n t :  The p r e c i s L o n  me te i ing  
valves are  used t o  c o n t r o l  t h e  sample f1owrat.e I n  F igu re  8 

t h e  condenser de ta i l s  are shcwn, The  silane s t i l i  and i t s  
a s s o c i a t e d  condenser system is i n  t h e  for=.ground, T h e  vapors  
from t h e  t o F  of t h e  s t i l l  f l c w  down through t h e  s h e l l  and t u b e  
condenser -  T h i s  w i l l  ai-low sub-cool i g  . f  t h e  vapor and inc reased  
p u r i t y  of t h e  non-condensable SiH,. I n  the d i sengag ing  po t ,  t h e  

l i q u i d  dichlorosilane/monochlorosilane mixture  is s e p a r a t e d  from 
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B, Storage  of S i l a n e  
On t h e  s t o r a g e  o f  s i l a n e ,  t h e  f e a s i b i l i t y  of us ing  

carbon as a n  adsorbent  t o  lower s t o r a g e  p res su re / inc rease  
volumetrsc e f f i c i e n c y  w a s  i n v e s t i g a t e d .  An appa ra tus  as shown 
i n  F igu re  10 was assembled. Two stainless steel, 150 cc 
c a p a c i t y  v e s s e l s ,  one  completely f i l led wi th  62.4 g o f  d r i e d  
carbon were connected i n  p a r a l l e l  t o  a source  o f  s i l a n e .  A 

graduated i n v e r t e d  b u r e t t e  immersed i n  s i l i c o n e  o i l  w a s  connected 
to t h e  system to  measure t h e  volume of S i H v  which would be 
evolved from e i t h e r  c y l i n d e r .  
OL, a n  acid washed a n t h r a c i t e  c o a l  based carbon o f  h igh  p o r o s i t y .  
( T a b l e  VI11 The carbon was dried a t  2 O O O C  and 0.5 mm of mercury 
for 24 hours.  The s i l a n e  w a s  e l e c t r o n i c  grade from Linde 
S p e c i a l t y  Gas. A f t e r  thoroughly evacuat ing  t h e  system w i t h  a 
pump for  24 hours,  s i l a n e  f r o m  t h e  sou rce  w a s  allowed t o  p r e s s u r i z e  
both c y l i n d e r s  t o  100 p s i .  The c y l i n d e r  c o n t a i n i n g  carbon warmed 
up from 2 2 O  t o  29OC. The system w a s  allowed t o  r e a c h  thermal  
equ i l ib r ium of 22OC. Then t h e  i n d i v i d u a l  c y l i n d e r s  w e r e  vented 
via t h e  gas  b u r e t t e  and the  d i s p l a c e d  volume and c y l i n d e r  p r e s s u r e  
recorded. During t h e  deso rp t ion ,  the  carbon f i l l e d  c y l i n d e r  
d i d  c o o l  o f f  s l i g h t l y .  The d e s o r p t i o n  w a s  done slowly t o  a l low 
approach t o  thermal equ i l ib r ium.  F igure  11 shows t h a t  at c o n s t a n t  
p r e s s u r e  s i g n i f i c a n t l y  more S i H l  can  be  s t o r e d  and r e l e a s e d  from 
a given volume when t h a t  volume is f i l l e d  wi th  a c t i v a t e d  carbon 
t h e n  when it is not  A t  1 0 0  p s i ,  n e a r l y  t h r e e  times t h e  amount 
of s i l a n e  is  a v a i l a b l e  ove r  t h e  normal s t o r a g e  method. A l s o ,  
t h e  work r equ i r ed  t o  compress and s t o r e  a g iven  q u a n t i t y  of 
s i l z n e  is  reduced by a f a c t o r  of  t h r e e  o r  more. A t  100 p s i g  
s t g r a g e  p res su re ,  t h e  "packing d e n s i t y "  of s i lane  w a s  0.0143 g/cc 
as t h e  f r e e  gas  versus  0.0359 g/cc adsorbed on carbon. Samples 
of t h e  s i l a n e  adsorbed on carbon w i l l  be analyzed to determine 
i f  a change i n  trace i m p u r i t i e s  has occurred.  I t  should be noted 
t h a t  Q t h e r  types  of carbon which may be  more e f f e c t i v e  were not  
t e s t e d ,  however, a Japanese p a t e n t  r e f e r e n c e  claimed 40 cc SiHv/g 
of carbon where as w e  ob ta ined  7 0  cc SiHr/g a t  t h e  same p r e s s u r e  
( 1 4 2  p i a )  .' 

The carbon was P i t t s b u r g h  Type 
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TABLE V I 1  

PROPERTIES OF PITTSBURGH ACTIVATED CARBON TYPE OL 

T o t a l  Surface Area 
(Nz , BET Method) 8 m'/g 

A p p a r e n t  D e n s i t y ,  g/cc 

P a r t i c l e  D e n s i t y  
(Hg D i s p l a c e m e n t ) ,  g/cc 

R e a l  Density 
( H e  D i s p l a c e m e n t )  , g/cc 

P o r e  V o l u m e ,  cc/g 

V o i d s  In D e n s e  P a c k e d  Column,  % 

Specif ic  Heat a t  1 0 0 ° C  

Mesh S i z e ,  U, S o  Sieve Series 

Iodine Number 

A s h i  % 

Moisture 
(Typical C o m m e r c i a l  Material), % 

1300 

0.45 

0.75 

2.2 

0.88 

40  

0.25 

20 x 50  

<loo0 

< 8  

2 
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C. Design C a l c u l a t i o n s  

1. Si l ane /Dich lo ros i l ane  S t i l l  

The r e d i s t r i b u t i o n  r e a c t o r  e f f l u e n t  may be assumed t o  be 
composed of equ i l ib r ium mixture  of s i l a n e s .  Based on t h e  data of 
J. Y. P. Mui, one composition could be: 

S i H r  

H 3 S i C 1  

H 2 S i C 1 2  

H S i C 1 3  

S i C l r  

Mole % 

8.25 
9.95 
37 90 
43.70 

0.2 

The s e p a r a t i o n  of t h i s  stream i n t o  a vapor f r a c t i o n  r ich i n  S i H r ,  

a l iqu id  f r a c t i o n  r i c h  i n  H2SiC1;1  w i t h  s u b s t a n t i a l l y  no I iSiC19 

and a second l i q u i d  f r a c t i o n  r i c h  i n  H S i C 1 3  and wi th  s u b s t a n t i a l l y  
no H 2 S i C 1 2  i s  t h e  duty  of t h e  s i l a n e / d i c h l o r o s i l a n e  s t i l l .  To 

accomplish t h i s  s e p a r a t i o n  it is planned t o  use  a cont inuous still 
which employs a p a r t i a l  condenser whose c o o l a n t  temperature  is 
c o n t r o l l e d  t o  a l low t h e  S i H k  r i c h  vapor to escape uncondensed. 
I n  order t o  rcduce t h e  r e f r i g e r a n t  load  ( S i H k  bo i l s  a t  approximately 
-112OC a t  1 atmosphere) the  ; n i t  will be o p e r a t e 2  under p re s su re .  
A s  a p re l imina ry  model, 60 p s i a  was chosen. A t  t h i s  p r e s s u r e ,  
H z S i C l z  b o i l s  a t  58OC. 

To c a l c u l a t e  t h e  theoret ical  plate and r e f l u x  r a t i o  
requi rements ,  t h e  recovery of H 2 S i C l z  and HSiC13 must be s p e c i f i e d  
( o t h e r  s p e c i f i c a t i o n s  i n  l i e u  of t h e s e  are possible, of  c o u r s e ) .  
The va lue  used i n  t h e  i n i t i a l  d e s i g n  was a 90% recovery of 
H 2 S i C 1 2  i n  t h e  d i s t i l l a t e ,  9 5 %  recovery of HSiC13  i n  t h e  
d i s t i l l a n d .  Assuming cons tna t  r e l a t i v e  v o l a t i l i t y  of the 
components and us ing  t h e  G i l l i l a n d  c o r r e l a t i o n ,  a column of 12.6 
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stages o p e r a t i n g  a t  1.55 r e f l u x  r a t io  would achieve  t h e  s e p a r a t i o n .  
The assumption of c o n s t a n t  r e l a t i v e  v o l a t i l i t y  is n o t  completely 
a c c u r a t e  b u t  f o r  a pre l iminary  e v a l u a t i o n  it is  adequate.  The 
product  stream composi t ions would b e  expected to be: 

Mole % 
D ist  il la te  D is t il l a n d  

S i H r  1 5  . 1 4  0 
HsSiCl 18.26 0 

H 2 S i C l 2  62.59 t . 33  
4.01 91.23 
0 0.44 

The bubble p o i n t  and dew p o i n t  of the d i s t i l l a t e  a t  
60 psia were c a l c u l a t e d  t o  be -32OC and +43OC r e s p e z t i v e l y .  
To ach ieve  a recovery  of S iHs  by us ing  a p a r t i a l  condenser t o  
condense p r i m a r i l y  H z S i C l n ,  a 44% recovery  of SiHr a t  a p u r i t y  
Df 67.6 mole p e r c e n t  could be achieved 5:  -5OC equ i l ib r ium 
temperature .  Higher recovery b u t  a t  correspondingly lower 
p u r i t y  cou ld  be  achieved a t  h ighe r  e q u i l i b r i u m  condenser 
temperatures .  Thus t h e  o v e r a l l  column couli: s e p a r a t e  t h e  r e a c t o r  
e f f l u e n t  i n t o  t h e  fo l lowing  streams (Table VIII) . 

The d i s t i l l t t i o n  u n i t  designed €or  t h e  s i l a n e  mini- 
p l a n t  i s  l - inch  4 iameter  by 54-inches h igh  and i s  packed wi th  
steel gauze packicg w i t h  a heiq’rt e q u i v a l e n t  t o  a t h e o r e t i c a l  
s t a g e  of 2 t o  2.5 i nches  or  a2proximately 22 t h e o r e t i c a l  s t a g e s .  
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TABLE VI11 - 
SILANE/DICHLOROSILANE STILL COMPOSITIONS 

Mole % 
Distillate 

Vapor D is t i 1 land Liquid --- Feed  

SiH,, 8 . 2 5  9.39 0,676 0 

H,SiCl 9.35 18.42 0 . 1 6 8  0 

H2SiC12 37.9 67.79 0 . 1 5 1  8.33 

HSiCls 43.7 4 039 0.040 92.23 

Sic la  0.2 0 0 0 , 4 4  

Total Mass 100 40.72 2,69 56.7 
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2. Absorber 
?he e f f l u e n t  vapor from t h e  s i l a n e / d i c h l o r o s i l a n e  s t i l l  
-- 

w i l l  tc f ed  to  a n  absorber which u s e s  co ld  s i l i c o n  t e t r a c h l o r i d e  
t o  absorb t h e  mono- and d i c h l c r o s i l a n e s .  A c a l c u l a t i o n  w a s  made 
using t h e  r e thod  of Edmister t o  determine t h e  expected absorber  
e f f i c i e n c y  under a set of proposed o p e r a t i n g  cond i t ions .  The 
design goa l  w a s  to  achieve  a p u r i t y  of s i l a n e  gas of a t  least 
99 mole percent ,  us ing  as a r a w  gas  feed a material whose 
composition w a s  the same as t h e  vapor d i s t i l l a t e  i n  Table  V I I I .  

The c h l o r o s i l a n e s  would be absorbed us ing  cold (-40°C) s i l i c o n  
t e t r a c h l o r i a e  which contained 2.5 mole percent  H3SiC1 .  The 

vapor and l i q u i d  f u g a c i t i e s  were assumed to  be i d e a l  and the 
component er thalp,es  as determined f r o m  Watson's c o r r e l a t i o n .  
The r 3 s u l t  o f  t h i s  e x e r c i s e  w a s  t h a t  a n  absorber  which used 
one mle o f  l i q u i d  SiC1. pe r  5 moles of r a w  gas could achieve 
a s i l a n e  p u r i t y  of 99.1% i n  1 0  t h e o r e t i c a l  s t ages .  The l i q u i d r  
e n t e r i n g  a t  -4OOC would be expected t o  e x i t  a t  -5OC. A p l o t  of 
t h e  a n t i c i p a t e d  temperature  and composition Srofile is shown i n  
F igure  12. The column s p x i f i e d  i n  t h e  des lgn  of t h e  mini-plant 
is 4 - f o o t  high by l - inch  I.D.r packed w i t h  1/4-inch C e r a m i c  I n t a l o x  
saddles, t h i s  column should be more t h a n  adequate  for  the task.  

D. Gas CL-omatograph C a l i b r a t i o n  

The H e w l e t t  Packard M o d e l  5830A r e p o r t i n g  chromatograph 
w a s  calibrated and programved f o r  a n a l y s i s  of t he  hydrochloro- 
s i l a n e  products  and in t e rmed ia t e s .  T h i s  ins t rument  w i l l  be used 
f o r  cn- i ine  sampling and a n a l y s i s  of the  va r ious  streams i n  t h e  
s i l a n e  mini-plant.  The chromatograph w a s  f i t t e d  w i t h  a 12-inch 
long x 1/8-inch d iameter  coiumn packed w i t h  20% d i m e t h y l s i l '  lcone 
on Chromasorb WDMC. A gas sampling va lve  wi th  a 0.5 cc sample 
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loop w a s  also i n s t a l l e d  t o  allow accurate, r ep roduc ib le  sample 
mlumes t o  be i n j e c t e d .  The column w a s  condi t ioned  by repea ted  
i n j e c t i o n  of a mi: ture  of  c h l o r o s i l a n e s  over  a one week pe r iod .  
Th i s  served t o  c o n d i t i o n  t h e  column, check-out system o p e r a t i o n  
and allow v e r i f i c a t i o n  of opt imal  oven tempera tures  and e l u t i o n  
times to  be made. A scan  of  a t y p i c a l  mixture  of t h e  f i v e  
s i l a n e s  H x S i C l r x ( O  < x < 4 )  is shown i n  F igure  13. This  sample 
also contains a s m a l l  amount o f  NZ and H C 1  which o r g i n a t e  f r o m  
the H Z S i C 1 2 .  

To determine aetector s e n s i t i v i t y ,  pure compounds were 
i n j e c t e d  us ing  the gas  sample i n j e c t i o n  va lve  and t h e  r e l a t i v e  
area coun t s  ob ta ined .  The s i l a n e  w a s  o b t a i n e d  from Linde 
S p e c i a l t y  G a s  and had a p u r i t y  of  > 9 9 % .  The m n o c h l o r o s i l a m  
was Gbtained from a sample d i s t i l l e d  by J. Y. P. Mu1 and w a s  
88.5% pure.  The d i c h l o r o s i l a n e  w a s  ob ta ipsd  from t y p i c a l  
commercial material a t  t h i s  s i t e  and w a s  97 .2% pure.  The s i l a n e ,  
moncchlorosi lane or d i c h l o r o s i l a n e  w e r e  each i n j e c t e d  as a gas 

a t  atmospheric  p r e s s u r e  v i a  t h e  gas  sample valve.  S ince  t h e  
semple s i z e  was c o n s t a n t ,  equa l  number of moles of e..ch component 
was used and thus t h e  area count  was a d i r e c t  measure of d e t e c t o r  
s e n s i t i v i t y .  A p u r i t y  c o r r e c t i o n  f o r  each  component w a s  made by 
d i v i d i n g  t h e  area count  of  t h e  pure component by t h e  area pe rcen t .  
S ince  t h e  least pure sample, H 3 S i C 1  w a s  s t i l l  88.5%, t h e  maxirun 
error in t roduced  he re  would be less than  1 2 %  even i f  t h e  
s e n s i t i v i t i e s  of t h e  o t h e r  materials were v a s t l y  d i f f e r e n t  from 
HsSiCl. The r e l a t i v e  response  factors fo r  E i H o ,  H s S i C l  ai12 
H 2 S i C l a  were found by d i v i d i n g  t h e  areas by t h e  area f o r  H 2 S i C 1 2 .  

Actua l ly  t h e  i n v e r s e  or moles per  a r e a  is r equ i r ed  i n  t h e  clirortiato- 
g raph ' s  computzr so t h o s e  v a l u e s  were t h e n  i n v e r t e d .  The va lues  
are : 
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Moles/Area/Area of H n S i C 1 2  

SiHo 

H2SiC12 
HiSrCl 

1 .a67 

1 . 258 
1.000 

The factors f o r  HSiC1, and SiC1. w e r e  determined by p repa r ing  
a weighed mixture  of l i q u i d  H 2 S i C 1 2 ,  HSiC13 and SLCl,, a l l  o f  
which were i n d i v i d u a i l y  98+% pure.  The liquid mixture  w a s  
injected (5 p liters) and the area response  measured. The 
relative r3sponse f a c t o r s  w e r e  t h e n  d e t e d n e d  to be: 

H S i C 1  

H S i C l l  

SiCl. 

1.000 
0 -7454 

0.5078 

A plot of response  factor versus C 1  atoms is shown i n  F igu re  14. 

E. Economic Ana lys i s  of S i l a n e  Process 

A block diagram and material bcilanca f o r  a s i l i c o n - t o -  
s i lane  f a c i l i t y  w i t h  r e c y c l e  of S i C l s  is shown i n  F igure  i5. 
Tile h a s i s  f o r  the r e c y c l e  streams is for  100% e f f i c i e n c y  i n  
the r e d i s t r i b u t i o n  reactimsr 2% loss of hydrogen per pass  
through t h e  hydrogenat ion u n i t r  90% s i l i c o n  e f f i c i e n c y  and 
e s s e n t i a l l y  complete separation of t r i c h l o r o s i l a n e  from S i C 1 ,  

i n  t h e  d i c h l o r o s i l a n e  reactor section. The subsequent  Figures 
16 through 18 show a breakdown of t h e  p rocess  b locks  and t h e  
a d d i t i o n a l  r e c y c l e  process  streams. Computer modeling of t h e  
v a r i o u s  stills is i n  p rogres s  to  de termine  p rocess  energy 
r e q u i r e m n t  s 
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I CONC LU S I ON S 

The k i n e t i c s  of t h e  vapor phase r e d i s t r i b u t i o n  of 

t r i c h l o r o s i l a n e  i n d i c a t e  t h a t  t h e r e  is no advantage t o  vapor phase 

ve r sus  l i q u i d  phase c o n t a c t .  Although t h e  vapor phase r e a c t i o n  

rate is higher  than  t h e  l i q u i d  phase rate, t h e  d i f f e r e n c e  does 

n o t  overcome t h e  d i f f e r e n c e  i n  reactant d e n s i t y ,  The l i q u i d  phase 

r e a c t i o n  system has  a h igher  mass throughput  c a p a b i l i t y .  

The s t o r a g e  ?f s i l a n e  as e i t h e r  an in -p lan t  b u f f e r  or 

f o r  packaging i n  c o n t a i n e r s  s u i t a b l e  for i n t e r - s t a t e  shipment can  

p o s s i b l y  be improved through t h e  use  of a c t i v a t e d  carbon i n  t h e  

s t o r a g e  c o n t a i n e r s .  Increased  volumetr ic  e f f i c i e n c y  and inc reased  

s a f e t y  a t  lower s t o r a g e  p r e s s u r e  i s  p o s s i b l e  by completely f i l l i n g  

t h e  storage c o n t a i n e r  w i t h  g ranu la t ed  a c t i v a t e d  carbon and abso rp t ion  

of s i l a n e  on t h e  carbon. 

?he mini-plant  for producing up t o  1 0  lb jday  of S iH , i s  

near ing  c o n s t r u c t i o n  complet ion.  This  u n i t  should demonstrate  t h e  

economic and product  q u a l i t y  p o t e n t i a l  of t h e  c h l o r o s i l a n e  r e d i s -  

t r i b u t i o n  process .  
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PROJECTED FIFTH QUARTER ACTIVITIES 

The silane from d i c h l o r o s i l a n e  mini-plant  w i l l  be brought  
01.-stream t o  produce t e n  pounds S i H ,  pe r  day. 

The pre l iminary  planning and d e s i g n  of a maxi-plant t o  
p repa re  S i H 4  from HSiC13  w i l l  be completed. 

Add i t iona l  fundamental s t u d i e s  on t h e  r e d i s t r i b u t i o n  
reaction mechanism w i l l  be c a r r i e d  o u t ,  

Pending c o n t r a c t u a l  agreement, a r e a c t o r  t o  s tudy  t h e  
hydrogenation o f  S i C z  t o  HSiC1, w i l l  be designed and 
c o n s t r u c t e d  

PROGRAM STATUS UPDATE 

Updated v e r s i o n s  of t h e  approved program p l a n  and l a b o r  
and c o s t  summaries are shown i n  F igu res  1 9 ,  20 and 21.  
The " i n i t i a l  o p e r a t i o n "  of t h e  mini -p lan t  is about  n ine  
week behind schedule  due mainly t o  d e l a y s  i n  d e l i v e r y  
of major equipment ite.ns. 

NEW TECHNOLOGY 

No new technology is presented  i n  t h i s  r e p o r t  which has 
been developed under t h e  scope oi Contrac t  954334, 
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Figure -1 9 
fm?lementation Plan 

A Dtclaiou Milepost 

YEAR 
WN'M OF YEAR 
MONTH OF CONTRACT 

1976 I 1977 1 

1.PRODUCTION OF SiH4 
A.Hini-Plant 
1 .Prs l iminary  P lanning  
2. P r e l i m i n a r y  Design 
3.Sl:e Prep  and Order Equipment 
4 .F ina l  Des ign  
5. I n s  ta l la  t lon 
6.Ial t la l  O p e r a t i o n  
7.Iategration With OP XI 

B.Haxi-Plant 
1 .Pre l imlnary  P l a n n i n g  
2 . I n i t i a l  D e c i s i o n  Fo; Maxi 
3.0rder  Long D e l l v e r y  I tems  
! .Pre l iminary  Des ign  
S.Fina1 D e c i s i o n  For Maxi 
6 . S i t e  P r e p a r a t i o n  
7.FI-1 Des ign  
8 . I n s t a l l a t i o n  
9 .  Ini t l a l  O p e r a t i o n  

L0.Integratlon.With OP 11 

C.Process S t u d l  
1.Detrrmine Reac t ion  Parameters  
2. E v a l u a t e  Pur i F l c a t i o n  Methods 
3.Evaluate  S t o r a g e  Methods 
4.Energy and Mass Balance  
5 .Klne t ics  S t u d i e s  
6 .Process  E v a l u a t i o n  
? .Process  Cost E s t l u a t i o n  

I1 .D I C  HLOROS I LANE SY KTHESIS 
L D i r e c t  S y n t h e s i s  P l a n t  
1 .Pre l iminary  P lanning  
2.Prel iminary Des ign  
3.0rder Eqii?pment 
4 .S i te  P r e p a r a t i o n  
% F i n a l  Design 
6 . I n s t a l l a t i o n  
7 . I n i t i a l  O p e r a t i o n  

B. In tegra t ion  With Mini-Plant  I I 1 I I 1 I I 1 I 1 I 1 ~ 3 l 1 4 l L 5 1 ~ 6 1  I I 1 1 I I I I 1 
C . I n t e g r a t i o n  With Maxi-Plant -u I 1  I l l  2 2  P I A  3 24 

--- 
-- 

D.Process S t u d i e s  
1.Determine R e a c t i o n  P a r a m e t e r s  
2.Spent Mass Disposal 
3.Eaergy an2 Mass Balances  
4 .Kine t ics  S t u d i e s  
5. Process Evalua t ion  
6 .Process  Cost  EetimatiOn 

E.Repot t 
1 . F i n i l  Report r~ I I I I I I I I  I I i I I I I I I 1 I I I I 

- 2.R~comrnr?rnidatlon For Long Range I I L ~ r I ~ 1 . I 1 1 _ I r I r I I I r I  - 
Developm 

52 



* 

1 

Y 

FIGURE 20 
UNION CARLDE CORPORATION 

SISTERSVILLE PLANT 
1 

SHEET NO. OF . .. 
BY WCli oA,E 1 2 / 1 / 7 5  sYe,ECIDirt~~*t Iirbor lloiirs Planned Yo*' 
CHKD. e7 O N E  ! I !  !:I1 V o l  tiia;i?, Ix)w Cost S' lane Project JOI  NO. 954334 . 

.. . .~ - ( I tca v I HC?J ) 

8 
0 
0 
rl 

" 

0 
0 
0 
00 

0 
0 
0 
\o 

0 
0 
C 
U 

0 
0 z 

0 



FIOURE 21 
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